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the biomass increased, and by 1986, the SSB started recovering, with the current SSB 51 between 8 and 10 million tonnes (ICES, 2007) . 52 SSB has often been used as a proxy for the egg production of a fish population 53 (Trippel, 1999) . However, it has become apparent that other factors such as stock age 54 or size structure and individual fish condition can have a considerable influence on the 55 stock reproductive potential (SRP) and this in turn could contribute to the recruitment 56 variability (Marshall et al., 1998 (Marshall et al., , 2000 Trippel, 1998 Trippel, , 1999 . 57
The estimation of SRP is generally undertaken by scaling up from individual level 58 characteristics to population level. Therefore, information is needed on factors 59
influencing the reproductive investment of each fish. Fecundity of NSS herring has 60 been studied both experimentally and in the field, and condition factor was found to 61 have a significant positive effect on oocyte production (Ma et al., 1998 ; Óskarsson et 62 4 reproductive output with regard to its population composition (recruit and repeat 83 spawners abundance), structure (size and age) and condition factor have, however, 84 not been investigated up to now. Our objective is therefore to explore the impacts of 85 the stock structure and fish condition factor on TEP. This investigation is a 86 contribution toward an understanding of causes for variability in recruitment, as it 87 adds more insight to stock-recruitment relationship by incorporation of inter-annual 88 variability in the condition of individual fish, and the size structure of the population 89 on TEP. 90
The main objective is to link our knowledge of reproductive biology with stock 91 dynamics to improve our understanding of variability in SRP, which will ultimately 92 lead to a better understanding of processes affecting recruitment. More specifically, in 93 this study we explored short and long-term impacts of stock fluctuations in NSS 94 herring on perceived stock productivity, by examining total egg production at 95 different periods and for different fish condition factors. 
Total egg production (TEP) estimation 116 117
Input data for TEP estimation was taken from the ICES (2006) report. These data 118 were annual spawning stock biomass (SSB) and annual spawning stock numbers 119 (SSN) at age. Because we needed to have the data distributed over length rather than 120 age to get the numbers at length, with their associated weight for the purposes of 121 estimating oocyte production from the fecundity models, the total abundance was re-122 distributed over length. The conversion of SSB and SSN per age to length was 123 undertaken by using the total numbers at age and then applying the length-at-age 124
proportions given for that year in order to re-distribute the total number at age into 125 length classes. SSN were therefore assigned to the observed proportions of 1 cm size 126 classes in the annually derived length-age keys of mature fish on the spawning 127 grounds. Finally, SSN by length was summed over all age groups by year, of which 128 50% were assumed to be females based on a relatively stable female to male ratio of 129 1:1 as we observed in the raw data over the whole study period to give female 130 spawning stock number (FSSN). The annual mean weight at length was calculated 131 using the raw data from the spawning grounds. Annual TEP was then estimated as the 132 sum of the number of eggs produced by spawning females in each size class 133 multiplied by their average fecundity, which was estimated from the fecundity- ,  137   138 where y is year, x is size (length in cm) ranging from i to j, F is average fecundity 139 (number of vitellogenic oocytes per female) and FSSN is female spawning stock 140 numbers. This method is similar to the approach used by Marshall et al. (1998) . By 141 using annual length frequencies and the year-specific length-weight relationships we 142 were able to both utilise the fecundity-weight relationship and incorporate the effect 143 of variable condition into the analyses (see Marshall et al. 1998 ). The reasoning is that 144 fish at a given length at the onset of maturation that were heavier were in a better 145 condition. How we obtained the parameters used in the above equation is explained 146 in the next section. 147
Since we have calculated TEP from SSN, which is derived from SSB, and used the 148 same fecundity formula in every case, we needed to investigate and verify how our 149 modelled TEP compares with TEP estimations based on annual fecundity counts. The 150 estimated TEP 1997. Strong recruitment to the spawning stock was evident as a significant increase 235 in number of fish below 32 cm (Fig. 1b) , with relative peaks visible during 1944, 236 1956, 1965, 1977, 1988, 1997 and 2004 . Overall, the spawning stock was dominated 237 (above 90%) by repeat spawners (≥32cm), but in the years 1943-1944, 1965-1966, 238 1973, 1976-1977, 1986-1989, 1996-1998 and 2003-2004 the recruit spawners were 239 most abundant (i.e. > 50% of the SSN) (Fig. 1b) . The age structure as characterised by 240 age diversity (H) showed relatively large variations (Fig. 1b) . Age diversity was 241 relatively high from 1935 to the early 1950s. From then onward, through the period of 242 stock collapse in the mid 1970s, age diversity declined. Age diversity showed a fairly 243 rapid increase through the late 1970s to mid 1980s even though there was not a major 244 increase in abundance. This was primarily due to an increase in number of age classes 245 and a more even spread of ages within the stock, as the stock recovered. Large year 246 classes tended to make the age structure less even across year classes and this was 247 reflected in the periodic 'dips' in the value of H. By the early 1990s to the present the 248 age diversity returned to a relatively high level but not to the levels seen prior to the 249 onset of the stock collapse. 250 251
Condition factor 252 253
Generally, condition variation was significant within sizes (Student t-test, p < 0.001, 254 n= 149689) and between sizes (Chi-square, χ 2 = 157.48, p < 0.001, n= 149689), with 255 more variation observed among fish that were less than 28 cm (Fig. 2) . Both K F and 256 periods toward the mid 1940s and late 1990s when abundance was at its highest ( Fig.  268   1) , there was a decrease in condition factor (Fig. 3) , however, there was no significant 269 correlation between SSN and mean condition factor (K F ) (r 2 =0.07; P > 0.05) (Fig. 4) . 270 271
Fecundity 272 273
While fecundity estimates used here are based on a fecundity-weight relationship, Fig.  274 5 illustrates the potential variability in fecundity-at-length due to variability in weight-275 at-length or condition of the fish. The highest variation in the estimated fecundity was 276 found among the biggest fish, possibly due to the fact that there is a tendency of more 277 weight variation among larger fish. 278
Long-term TEP 279
Estimated TEP for the full time series 1935-2005 followed the SSN trend closely (Fig.  280   6a ), but the residuals in the TEP-SSN relationships (Fig. 6b) were related to changes 281 in proportion of recruit spawners and condition (Fig. 6c) . Typically, larger deviations 282 from this relationship were found in periods with high SSN in combination with 283 increasing proportions of either recruit or repeat spawners and decreasing or 284 increasing condition factor (K). Deviations were positive when the stock comprised of 285 above 80% of repeat spawners and K F above 0.8, and they were negative when the 286 stock was dominated by recruit spawners (repeat spawners less than 40%, Fig. 6c (Fig. 7) . 298
Although linear relationships between different TEP estimated were highly significant 299 (Fig. 8 a,b) , the residual plots from both predictors (Fig. 8 c,d) showed that there were 300 systematic deviations between the fitted curves over time, with greater differences in 301 the 1950s, the time when the stock abundance was relatively high, and less in the 302 1970s, the time when the stock abundance was also decreasing substantially. 303
Similarly, residuals against predicted values indicated that deviations were greatest 304 during times of high predicted egg production (Fig. 8 e,f) . 305 In this study we have not investigated genetic responses, but their role in changes of 369 SRP should not be ignored. Similarly, we did not address the possibility that fecundity 370 may increase with age for a given length or weight, or that there may be a negative 371 effect of population cohort size on fecundity, as there is no unequivocal evidence for 372 these phenomena in NSS herring. However, we examined the data given in 1935 1937 1939 1941 1943 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 1935 1937 1939 1941 1943 1945 1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
